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ABSTRACT
The purpose of a radio telescope is to record informa
tion concerning the strength, spectrum, polarization, and
direction of arrival of extraterrestrial electromagnetic
radiation at radio frequencies. Earthly based radio observ
atories are hampered in their attempt to achieve this pur
pose by atmospheric absorption and reflection of the radia
tion.

A lunar based system would not have this problem

because the Moon possesses practically no atmosphere.

How

ever, other environmental conditions, such as micrometeor
ites, high frequency radiation, and extreme temperature
variations, must be overcome.

This thesis justifies the

need for a lunar radio observatory and also describes a
particular radio telescope system which should be capable
of operating successfully under this new environment.
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I. INTRODUCTION

The science of radio astronomy is rapidly approach
ing its maximum earthly capabilities.

This restriction

is due to two major factors: 1) Equipment performance is
reaching its peak; 2) The environment of the Earth seri
ously affects radio observations.
Even if equipment performance could be pushed to its
maximum theoretical limit, radio astronomy would still be
severely handicapped by numerous unaviodable characteristics
of the Earth, such as the atmosphere and man-made noise.
One solution to this problem may be found by examining the
opportunities offered by our nearest celestial neighbor,
the Moon.
The purpose of this thesis is, therefore, to justify
the need for a lunar radio observatory and then to determine
the purposes and special characteristics of such a system.
The necessary preliminary information and the results of
the investigation are presented in the following order:
1)

A general discussion of radio telescopes is
given.

This discussion is based upon a block

diagram representation of a radio telescope
system.

The purpose and special character

istics of each major component are briefly
summarized.

The features of the Moon are described.

Special

emphasis has been given to those features direct
ly related to the establishment and operation of
a lunar radio telescope.
The Moon and Earth environments affecting radio
astronomy are compared.

By this comparison and

by quotations from numerous authorities in the
field of radio astronomy, the author has attempt
ed to justify the need for placing a radio tele
scope on the Moon.
A particular type of radio observatory designed
for use as part of one of the more advanced lunar
bases is described.

This design includes the

purposes for which the observatory would be used,
and the type of equipment required.
The final section of the thesis contains a brief
summary of the advantages and disadvantages of a
lunar radio observatory, and the design require
ments of such a system.
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II. REVIEW OF THE LITERATURE

Literature Concerning Radio Astronomy
Numerous periodicals, textbooks, and special papers
have been devoted to the subject of radio astronomy since
its beginning in 1932.

The author reviewed all of the

more prominent textbooks and a limited number of the peri
odicals and special papers.

A brief summary of this review

is presented as introductory information in the next section.
Literature Concerning the Moon
Writings concerning the Moon date back more than 2000
years.

These early writings contained much information

which was inaccurate and some which was entirely incorrect.
Only within the last 100 years has man been successful in
developing instruments with which to critically study the
lunar characteristics.

Within this short period a vast

amount of information has been gathered and numerous the
ories formulated.

The author limited most of his survey

to those books and papers written within the last four
years.

This material represented the latest data and the

ories concerning the Moon.
Literature Concerning a Lunar Radio Observatory
The author was completely unsuccessful in his attempts
to find any information directly related to the placement
of a radio telescope system upon the Moon.

This was ex
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pected.
Attempts were then made to obtain information which
was in any way related to the subject.

Both the National

Aeronautics and Space Administration and the McDonnell
Aircraft Corporation were contacted; because they are both
actively engaged in work related to the placement of men
and materials upon the Moon.

However, neither organization

had any useful information which they were allowed to make
public at this time.

Therefore, the necessary information,

related to the subject, has been obtained from a close com
parison of the requirements of radio astronomy with the known
characteristics of the Moon.
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III. GENERAL CHARACTERISTICS OF A RADIO TELESCOPE SYSTEM

Introduction
The objective of this section is to provide some back
ground information concerning the purpose of a radio teles
cope system, plus the equipment and operating procedures used
within the system.
in general.
ular system.

The discussion concerns radio telescopes

No emphasis has been placed on any one partic
All material presented applies equally well

to radio telescopes on the Earth, on the Moon, or elsewhere.
The purpose of a radio telescope is to record informa
tion concerning the strength, spectrum, polarization, and
direction of arrival of the extraterrestrial electromagnetic
radiation at radio frequencies.

The manner in which this is

achieved is illustrated by the block diagram representation
of a radio telescope given in Fig. 1.
Electromagnetic radiation of a particular frequency
range and polarization, is collected by the antenna and then
transported to the receiver by means of the transmission
system.

The receiver amplifies the energy to a suitable level

so that any variations in the energy intensity, larger than a
certain minimum value, may be recorded.

The receiver is

alternately connected between the antenna and a calibration
source, so that changes in the system parameters, such as
amplifier gain, will be noted on the record.

*

Fig. 1

A block diagram representation of a general radio
telescope system.

Data
Recording
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Electromagnetic Radiation
Electromagnetic radiation consists of energy in the form
of time varying electric and magnetic fields traveling at the
O
speed of light (3 x 10° m/sec) through space. The frequency
and intensity of this radiation seem to possess no bounds.
The fundamental processes producing electromagnetic radia
tion useful to radio astronomy fall into three main groups:
1)

Thermal emission, with a continuous spectrum,
from solid bodies like the Planets, hot gaseous
bodies such as the Sun, and bright Nebulae (Fig. 2).

2)

Synchrotron radiation, with a continuous spectrum,
which results from the circulation of relativistic
electrons in strong magnetic fields.

3)

Monochromatic line emission and absorption from
neutral hydrogen, both in our Galaxy and from
External Galaxies.

This radiation may be described in terms of three qualities;
spectrum, strength, and polarization, any one of which may
vary with time and direction of arrival.
The radio astronomer is interested in both continuous
and line spectra.

As a rule most extraterrestrial sources

exhibit continuous spectra.

An exception is the 1420 Mc/s

line emission from neutral hydrogen.

Other line emissions,

within the radio spectrum, have been theoretically predicted,
however, due to equipment limitations and an unfavorable
earthly environment none have been satisfactorily detected.

-8-

Pig. 2

The Andromeda nebula. A
strong source of radio
frequency radiation.
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The strength of electromagnetic radiation is defined
as that amount of energy arriving per unit area, per cycle,
per unit time.

This quantity is called "flux density" and

given the symbol S.
S = AE/(AA Af At), watts/m2/cps

(l)

The above expression is especially useful for discrete sources.
However, for radiation that is distributed a quantity called
"brightness", b, is used.
b =

Brightness is defined as,

> wa-tts/m2/cps/steradian

(2)

where AS is the flux density contributed by an element of the
source with apparent angular size AH..

A typical value for

the strength of extraterrestrial radiation is 10”^

watts/

m 2/cps.
"Brightness temperature" is another useful, alternative
way of describing the received radiation.

The brightness

temperature of a source is the temperature of an ideal blackbody, of the same apparent angular size, which would have
the same brightness.

At radio frequencies, where the Ray-

leigh-Jeans approximation to Planck's Law may be used, the
expression for brightness temperature reduces to,
Tb = A2b/2k, °K

(3)

where k is Boltzmann's constant (1.38 x 10-23 joules) and A
is the wavelength.

The specification of radiation strength

in terms of a temperature provides a simpler unit and is
particularly convenient in discussing radiation of thermal
origin.
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Brown and Lovell have stated the following concerning
the intensity of the galactic background radiation.
"It is known from surveys carried out at a
number of different wavelengths that the apparent
brightness temperature of the sky varies fairly
rapidly with wavelength. Thus, at wavelengths
less than 15m all parts of the sky exhibit a
brightness temperature which decreases towards the
short wave end of the spectrum. For example, the
absolute values of brightness temperature are of
the order of 100,000°K, at wavelengths of 15m,
and decreases to values of the order of 1°K at
10 cm."1
The polarization of a wave is specified in terms of the
direction of the electric field vector.

This polarization

is stated only in relation to the radiation from a particu
lar direction and in a very narrow band of frequencies.
For the general case, the electric field continually varies
in both magnitude and direction, thus producing a randomly
polarized wave.

However, if the electric vector in the

wavefront traces out ellipses, the wave is said to be elliptically polarized.

Circular and linear polarizations are

special cases of elliptical polarization.
The polarization of the incident electromagnetic radia
tion is important for two main reasons:
1)

A knowledge of the polarization may be a clue to
the origin of the radiation;

2)

The receiving antenna is capable of accepting only

____ a certain type of polarization.____________________
~^Brown, R. H. and A. C . B . Lovell, The Exploration of
Space by Radio, New York; John Wiley and”3ohs Inc., 1958,
P. t>5.
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Most of the extraterrestrial radiation has been found to be
randomly polarized.
In general then, the electromagnetic radiation of inter
est to the radio astronomer possesses the following character
istics:
1)

Extremely weak intensity;

2)

Continuous spectrum;

3)

Decrease in intensity with increase in frequency;

k)

Random polarization.

Antennas
The purpose of a receiving antenna is to absorb electro
magnetic energy coming from a particular direction and with
a particular polarization.

Since most antennas are linear

devices, this absorbed energy is presented to the antenna
terminals with no distortion in frequency.

An antenna re

sponds to a restricted frequency range, but this range is
usually wider than that accepted by the receiver and, there
fore, presents no serious limitation on the system.
Because of the fact that all antennas are polarized,
they are capable of receiving only one-half of the incident
energy from a randomly polarized wave.

The only way in

which all the energy can be received from such a wave is to
have two completely separate antenna systems with complemen
tary polarization.
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The amount of power received is directly related to the
flux density of the incident electromagnetic wave, and the
effective area and bandwidth of the antenna.

P = A^ S ^ ^ 3 watts

GO

S]_ must be only that component of the wave with the same
polarization as the antenna.

Ae , the effective area, is

related fundamentally to the directivity and gain rather
than to the projected area of the antenna.

If a loss-free

antenna accepts, without reflection, all of the energy in
cident on its surface, and casts a complete geometrical
shadow, then the effective area equals the physical area.
Since the incident flux density is so very small (10-2^
watts/m2/cps) and since the bandwidth of the system is deter
mined by the receiver, equation (4) indicates that the only
way in which more power may be received is by increasing the
effective area of the antenna.

This is why large aperture

antennas are of such a prime importance in the radio teles
cope system.
The gain, G, is defined as the ratio of flux density re
ceived from a wave by the antenna, to the flux density which
would have been received from the same wave by an omni-direct
ional antenna.

A useful general relation between the gain and

the effective area is given by;
G = 41TAe/ x 2

(5)

Another antenna characteristic which is closely related to
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the gain is the directivity.
The directivity, D, is a measure of the extent to which
an antenna receives energy only from one particular direction.
This is also an indication of the ability of the antenna to
resolve two or more closely spaced, discrete sources.

The

directivity is directly proportional to the effective area
and inversely proportional to the square of the wavelength.
Because radio wavelengths are approximately 10^ times as
long as optical wavelengths, the resolution of radio telescopes is only 10
scopes.

times as high as that for optical tele

This is one of the prime disadvantages of radio

telescope systems.
A useful concept used in radio astronomy is that of
antenna temperature Ta defined by:
Ta = P/kAf

(6)

where P is the power delivered to the antenna terminals in
a bandwidth Af, and k is Boltzmann's constant.

This antenna

temperature is equivalent to the temperature at which an
impedance, equal to the input impedance of the antenna,
would have to be held in order to supply the same amount of
power, due to thermal agitation of the electrons, as the
original antenna.
The special characteristics of some of the more common
antenna systems used in radio astronomy are given below.
1)

Parabolic reflector antenna (Fig. 3) - Yields a

14

Fig

3

The Jodrell Bank 250-ft.
steerable radio telescope.
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gain greater than 100.

The operating frequency is

readily changed by altering the position of the
small receiving antenna at the focus.

The prime

disadvantage is that the effective area is less
than the actual area by a factor of 0.3 to 0.7.
Also, the surface of the parabolic reflector must
be accurate to within a tenth of a wavelength.
2)

Yagi antenna (Fig. 4) - This type of antenna is
composed of a halfwave dipole with parasitic
elements added so as to increase the directivity.
The antenna is mechanically very light but elec
trically very critical and unpredictable.

Typical

values of gain obtainable vary between 5 and 10.
3)

Electromagnetic horn - Electromagnetic radiation
of a frequency greater than about 3KMc/s may be
received by a waveguide that has been flared out
to form a horn.

Such an antenna is electrically

nonselective and mechanically non-critical.
4)

Antenna arrays (Fig. 5) - Whenever two or more
antennas are electrically coupled together an
antenna array is formed.

The principal advantages

of such arrays are high value of gain and high
directivity.

Their main disadvantages are that

they are bulky and difficult to couple electrically.
5)

Interferometer - An interferometer consists of two
or more electrically coupled antennas which are

■ 16

Pig. 4

An array of nine Yagi
antennas on an equatorial
mounting.

17

Pig. 5

Part of the 22 acre array of
dipoles at the Jicamarca Radar
Observatory near Lima, Peru.
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widely spaced.

Proper spacing and feeding results

in a very narrow beamwidth capable of a resolution
higher than that for any other antenna system.
Because of its high resolving power, this type of
antenna arrangement is the one most commonly used
in radio astronomical work.
Calibration Sources
The purpose of a calibration source is to supply a
constant, known amount of energy.

At frequent intervals the

receiving system is switched from the antenna to the calibra
tion source.

In this manner any variations in the system

parameters are noted as changes in the calibration intensity
on the output record.

The absolute intensity of the received

electromagnetic radiation may then be found by comparison with
the intensity of the energy from the calibration source.
The particular type of device used depends upon the fre
quency of operation and the brightness temperature desired.
The two common forms are the variable temperature resistor and
the saturated diode.
The variable temperature resistor is the most fundamental
noise source because it depends upon the thermal agitation of
the electrons within a material.

At the longer wavelengths

of operation a long, lossy transmission line is used as the
resistor.

At centimeter wavelengths the same effect has been

achieved by using a long wedge of absorbing material, which
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can withstand high temperatures, inside a section of wave
guide .
The second common type of calibration source is the tem
perature-saturated diode.

Such a diode is one in which the

anode voltage is sufficiently high to draw off all the elect
rons emitted by the cathode.

Normally, diodes with directly

heated tungsten filaments are used.

The electrons are random

ly emitted from the cathode and give rise to a noise current
whose value may be calculated once the temperature and e m 
ission characteristics of the cathode are known.
Transmission Systems
The purpose of the transmission system is to guide the
electromagnetic energy from the antenna and calibration source
to the receiver.

It is desired that this transmission take

place with the smallest amount of energy loss and with the in
troduction of the smallest amount of noise energy.

This re

quires that the transmission path be kept as short as mechanical
requirements will allow.
The devices most commonly employed are coaxial cables
and waveguides.

The actual device used on a particular system

is governed by the frequency of operation.
normally used for frequencies above 2 KMc/s.

Waveguides are
Coaxial cables

meet the requirements for frequencies below 2 KMc/s.
Receivers
The receiver amplifies and detects the electromagnetic
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radiation coming from the antenna and calibration source.
The output of the receiver is then of a power level cap
able of actuating a recording device.
The waveform and spectrum of the cosmic waves experience
a radical change when passing through the receiver.

The in

cident signal, Fig. 6-a, consists of noise which has a
broad spectrum.

The receiver selects and amplifies only a

small frequency band of width ^ f centered on the frequency f0
The signal then cousists of a noise-modulated wave of frequen
cy fQ , as shown in Fig. 6-b.

For a superheterodyne system,

the signal frequency is converted to a lower frequency known
as the intermediate frequency (Fig. 6-c).

It is at this

frequency that most of the amplification occurs.

The signal

is then rectified to produce an unidirectional resultant
(Fig. 6-d).

The signal may be amplified further by d.c.

amplifiers or fed directly into the recording device.
The smallest change in antenna temperature (input sig
nal) which can be detected at the output is
Ta = T s/(BW*r)i

(7)

where T s is the over-all system noise temperature, BW the
pre-detector bandwidth, and V the post-detector integration
time.

It is of paramount importance that the system noise

temperature, Ts , be reduced to a minimum.

It is also de

sirable to have the largest possible value of bandwidth when
measuring the energy from a continuous spectrum.

However,
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0>)

(c)

Fig. 6

Changes in frequency and spectrum
of a cosmic radio signal in pass
ing through a receiver.
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for hydrogen-line work the bandwidth must be kept small.
The time c o n s t a n t , may vary from two seconds to two hours,
depending upon the type of filters and recorder used.
Receivers for the measurement of cosmic radio waves
closely follow conventional radar designs.

At frequencies

below about 600 Mc/s superheterodyne receivers are employed.
For such systems, one or two stages of amplification at the
signal frequency usually precede the mixer.

The intermediate

frequency amplifier, usually operating at 30 Mc/s, second
detector, and recorder then follow.

For higher frequencies,

the most sensitive amplifiers being used are the parametric
amplifier and the maser.
There is no doubt that at all frequencies the intrinsic
sensitivity of a maser is higher than that of any form of
parametric amplifier.

When, however, the over-all performance

of a system is considered, the parametric amplifier can be
come a justifiable competitor.

At the higher frequencies the

maser is certainly more sensitive, whereas, at frequencies
below about 1000 Mc/s, the parametrics are normally used.
Data Recording
The purpose of the output meter is to record the fluctua
tions in energy intensity received by the antenna.

This infor

mation is normally recorded as a function of time on a strip
chart or viewed on an oscilloscope.

Information concerning

the direction of the incident radiation is determined from
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the servo system which positions the antenna.
The polarization accepted by the antenna, the bandwidth
of the receiver, and the intensity of energy from the calibra
tion source are additional pieces of information determined
from the radio telescope.
All of the above mentioned data is necessary in order
to adequately decipher the information carried by the in
cident electromagnetic radiation.
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Pig. 7

The visible face of the Moon.
(Lick Observatory photograph)
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IV. CHARACTERISTICS OF THE MOON

Introduction
This section has been, included in order to provide the
reader with a general introduction to the characteristics
of the Moon.

Some topics seemingly unrelated to the establish

ment of a lunar radio observatory have been included because,
even though they may presently seem unimportant, in the fu
ture when radio telescopes are placed on the Moon they may
become prominent.

A discussion of the effects of the lunar

environment on radio telescope systems has been reserved
for a later section.
The characteristics of the Moon are presented in the
following order: general information, atmospheric character
istics, surface features, and subsurface features.
General Information
The mean distance between the Earth and Moon is 384,405
km.

This distance can be regarded as accurate to within one

kilometer.

The Moon's motion around the Earth traces out an

ellipse of eccentricity 0.055.
orbit is nearly circular.

This indicates that the Moon's

The Moon completes one revolution

about the Earth in 27.32 days.

This is also the exact length

of time required for the Moon to complete one rotation about
its own axis.

For this reason the same side of the Moon's

surface is continually facing the Earth.

Even though the
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Moon's rotation is constant, its speed of revolution
about the Earth varies slightly depending upon its position
in the elliptical orbit.

However, at the end of each lunar

month the two are back in phase.

This peculiar motion, known

as libration in longitude, allows earthly observers to see
7.75° farther around in longitude at each edge.

A combina

tion of this and other special types of motion allow a
maximum of 59 $

of the lunar surface to be viewed from the

Earth within one complete revolution of the Moon.
The Moon is essentially spherical with a radius of
1,738 km, which is one-fourth the radius of the Earth.
From the gravitational effects of the Moon its mass has
been determined as 7.35 x 10

22

kg.

This results in a

mean lunar density of 3.34 g/cm3, as compared with a mean
earthly density of 5.52 g/cm3.

The smaller mass causes a

gravitational acceleration of only 1.62 m/sec 2 and an escape
velocity of 2.38 km/sec as compared to terrestrial values of

9.81 m/sec 2 and 11.2 km/sec respectively.
The latest lunar probes indicate that the magnetic field
of the Moon does not exceed 8 x 10“3 amp-turns/m, which is
but a small fraction of the intensity of the magnetic field
around the Earth.
Atmospheric Characteristics
Any body of matter in space which possesses an atmosphere
does so because the random thermal velocities of gas molecules
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comprising the atmosphere are less than the escape velocity
of the body.

The random thermal velocity is directly related

to the mass of the molecule and the temperature of the gas,
whereas, the escape velocity is directly related to the mass
of the body.
The peak temperature on the Moon, 380°K, coupled with
a low escape velocity, 2.38 km/sec, allows the Moon the pos
sibility of retaining only the heavier gaseous elements and
compounds such as agron, krypton, xenon, carbon dioxide, and
sulfur dioxide.

Since most of these quantities are cosmical-

ly very rare it has been suggested that the Moon must have
practically no atmosphere.

Experimenters have used numerous

methods in an attempt to measure the lunar atmosphere.

For

example, in 19^9 Bernard Lyot, a French astronomer, concluded
o
that the lunar atmosphere must be less than 10 ”° times as
dense as the Earth's atmosphere at sea level.

In 1956,

Audouin Dollfus, another French astronomer, indicated that
the lunar atmosphere must be less than 6 x 10 ”^® times as
dense as the Earth's atmosphere.

Finally, the recent work

of astronomers has placed the upper limit on the lunar atmos
phere at 10- 1 3 times that of the Earth's.

An atmosphere of

this density is a far better vacuum than that obtained in
any terrestrial laboratories.
Surfac e Fe a tu re s
The temperature of the lunar surface varies from 38 O 0
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K when the Sun is at the zenith to 120° K when the Sun is at
the nadir.

As a point on the surface passes from the day-

region to the night region, the temperature can change by as
much as 100°K in one hour.

This rapid and extreme temperature

variation causes severe stresses in the surface features and
could result in the fracturing and pulverizing of a thin layer
of the surface rock.
When viewed with a telescope, the principal surface
features found are maria, craters, mountains, rills, and
rays.
The dark, relatively smooth regions of the surface are
known as maria (Fig. 8 ).

Most of the maria are nearly

circular with diameters of hundreds of kilometers.

In gen

eral, their surfaces are at lower levels than the surround
ing lighter colored areas.

A few large craters and a number

of smaller ones appear to have formed on the maria.

Some

astronomers suggest that the maria are great congealed lava
pools, others are inclined to believe that the maria are com
posed of both lunar and interplanetary dust that has collected
in the lower areas.
Craters are circular pits surrounded by mountainous walls
(Fig. 9).
200 km.

The largest craters have diameters in excess of
In most cases it has been found that the volume of

the crater is approximately equal to the volume of the material
forming the mountainous ring around the crater.

This fact

29

Pig. 8

Northern portion
of the Moon at Last
Quarter.
(Lick
Observatory photo
graph)
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Pig. 9

Some of the large craters near
the center of the earthward hem
isphere.
(Lick Observatory photo
graph)
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supports the theory that the craters were formed by meteor
impacts.

However, a number of craters possess volcanic like

mountains near their centers known as central peaks.

These

are better explained by the theory that the craters are of
volcanic origin.
Most lunar mountain ranges border the circular maria
(Pig. 8 ).

One of the highest lunar peaks, Mt. Huyghens,

reaches an altitude of 5.,500 m.
Rills are cracks in the surface, ranging in width from
a few meters to several kilometers.
straight.

Most of them are

They seem to cross everything in their path, as

if they were formed by expansion of the Moon beneath a
solid crust.
Rays are bright streaks that seem to radiate from the
center of some craters (Fig. 10).

They have the appearance

of material splashed outwards hundreds of kilometers.

Such

ray-like formations could have been produced by the meteor
ites which supposedly formed the craters.

The rays, then,

are another point in favor of the meteor impact theory.
From a comparison of the albedo and polarization char
acteristics of lunar surface material with that of common
terrestrial material, the probable composition of the sur
face can be estimated.

Fielder states the following con

cerning the surface of the Moon:
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Pig. 10

The crater Copernicus, about
56 miles in diameter, surround
ed by an irregular ray system.
(Lick Observatory photograph)
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"The albedo of the Moon, considered as a
whole, is of the order of 10$. The darker ter
rains have albedos of the order of 5 $* and the
brightest patches of surface may reflect as much
as 40$ of the incident light. These reflectivi
ties suggest that maria are composed of a sub
stance as dark as some volcanic lavas and that
some patches of the surface are as bright as
granite . "1
Zdenek Kopal has concluded from his work that:
"The polarization of the light from the
Moon is exactly that of granular opaque sub
stances previously studied. We must conclude,
therefore, that the lunar surface is covered
with a very absorbing powder, having a con
stitution similar to that of volcanic ash.
This powder could be spread out in a very thin
layer but it must apparently cover all the
surface . "2
This layer of powdered dust to which Kopal refers is
generally accepted to range in depth from a few milimeters
in some places to several meters in others.

There is gen

eral agreement that the outer surface is composed of rough,
rocky material of a silicate nature, covered with a rel
atively thin film of dust.
The absence of any appreciable atmosphere leaves the
surface continually exposed to meteoritic bombardment and
high frequency radiation.

It has been estimated from

rocket counts that one micrometeorite strikes every square
Fielder, G., Structure of the M o o n 1s Surface, London;
Pergamon Press, 1961, p. 53.
2
Kopal, Z . , Physics and Astronomy of the Moon, London;
Academic Press, I9b2, p7 T7PF.

centimeter of the lunar surface every minute.

However,

the rate of bombardment estimated by most authorities is
much less than this.

It has also been suggested that a

thin outer layer of the lunar surface may be radioactive
due to the prolonged exposure to cosmic radiation.

In

connection with solar radiation, the following has been
suggested by Fielder:
"High energy particles from the Sun are
bombarding the Moon. It seems not impossible
that, in the absence of a conventional type of
atmosphere, there is an electrical 'space charge'
close to the Moon's surface during the lunar day.
...The apparent smoothness of the Moon as a re
flector at certain radar frequencies may even be
connected with the presence of a lunar 'space
charge' or ionosphere.
Actual measurements upon the lunar surface are required
before the above estimates can be verified.
Subsurface Features
From microwave observations it is known that the tem
peratures less than half a meter below the surface vary b e 
tween 270°K and 200°K during a lunar day and night.

The

temperature variation decreases with depth and at about ten
meters should be no more than a few K ° .

Since the relatively

small mass of the Moon yields a hydrostatic pressure of not
more than 50,000 atmospheres at its center, the temperature
at the center should not be high enough to result in a
liquid core.__________________________________________________
Fielder, G . , Structure of the Moon1s Surface, London;
Pergamon Press, 1961, p. 12b.
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The density of lunar surface material is close to 3.28
g/cm3, and increases by compression to 3.41 g/cm 3 near the
Moon's center.

This has caused many to believe that the

Moon as a whole consists of material very similar to that
constituting the outer portions of the Earth's mantle and
crust.

The composition is presumably that of silicates and

oxides, similar to the light and dark colored volcanic rocks
of the Earth.
The Far Side of the Moon
Because the Moon keeps the same face always toward the
Earth, more than 40$ of its surface has never been viewed
directly by man.

On September 14, 1959* the Russian Lunik

III probe vehicle was successful in photographing approximate
ly 70$ of the far side of the Moon.

Detailed analysis of

these photographs indicated that the far side is of the same
general surface form as the near side.

There were numerous

maria, craters, and mountain ranges visible.

However, the

maria were found to be fewer and smaller than those on the
visible side.
Until the present, most of the information concerning
the Moon has been obtained through indirect measurements.
Such information is certainly incomplete and very inaccurate.
However, the era of space travel has already been ushered in,
and in the very near future the Ranger and Surveyor lunar
space probes will be capable of making numerous direct

-36-

measurements of lunar characteristics.

Until these measure

ments have been made it will be necessary to proceed under
the assumption that the Moon possesses characteristics as
indicated by the latest indirect measurements and theories.
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V. JUSTIFICATION OF THE NEED FOR A LUNAR RADIO OBSERVATORY

Introduction
This section of the thesis has just one main purpose:
to prove the need for a lunar radio observatory.

The

opinions and comments of a number of authorities in the
field of radio astronomy are used as an opening argument
in support of the need for an extraterrestrial radio obser
vatory.

Then, the features of both the Earth and the Moon

affecting radio astronomy are compared.

Neither the effects

of the two different environments on human beings nor the
availability of materials have been considered, because the
author feels that in due time both of these problems will
be satisfactorily solved.
Opinions of Noted Authorities
J. H. Oort, President of the International Astronomical
Union, recently wrote a paper summarizing the purposes and
accomplishments of radio astronomy.

The purpose of his paper

was to make the members attending the Geneva Conference on
Electronic Communications realize the need for allocating fre
quency bands for use by radio astronomers only.

He strongly

indicates this need by the following statement:
"There can be no doubt that noiselessness
is as essential for the further development of
radio astronomy as darkness is for optical as
tronomy. But, in most parts of the world such
noiselessness cannot be obtained by going away
from the main centers of noise: more and more
this noise will go around the world. It may
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well be that the necessary silence can only
be obtained by a general international agree
ment to keep certain wave-length regions free
from man-made signals.
The attempts by Mr. Oort, and by others, to secure frequency
allocations for use by radio astronomers were not very
successful.

Only a small fraction of the needed frequency

bands were allocated, and most of these had to be shared with
other communication systems.

This serious situation points

out the need for some other means of avoiding man-made noise.
A lunar radio observatory would certainly meet this require
ment .
A different source of troublesome, man-made noise has
been discussed in a paper by K. L. Bowles.

Mr. Bowles dis

cribes one instance in particular when the Jicamarca Radar
Observatory was being used as a radio telescope.
"During the radio noise observations, a
strong increase was noted as a result of the
July 9> 1962, explosion over Johnson Island.
The increased radio noise was identified with
sychrotron radiation from a belt of particles
emitted by the blast.
Man-made noise of this kind is capable of disrupting radio
observations for days.
The previous examples illustrate the detremental
effects of man-made noise.

However, this type of inter

ference is only of secondary importance when compared________
Oort, J. H., "Radio Astronomy - A Window on the
Universe" , American Scientist, Volt 47 (Dec. 195$), p. 159-1772
2
Bowles, K. L., "Measuring Plasma Density of the Magnet
osphere", Science, Vol. 139 (Peb. 1963 ), p. 390
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wit h the absorption, reflection and refraction of extra
terrestrial electromagnetic radiation by the Earth's atmo
sphere.

J. V. Jelley briefly summarizes the situation by

the following statements:
"For the astronomer to gain access to the
microwave regions of the spectrum, and he would
most certainly like to do this, in order to
study individual spectral lines which arise from
a variety of molecular transistions in various
gases and free radicals which may exist on some
of the planets, he must work outside of the atmo
sphere, to eliminate the H 2O and O 2 absorption
bands..."
"The atmosphere itself injects detectable
radiation into the antenna at 3 cm and short
er wavelengths, from the H 2O absorption bands,
and intermittent clouds are even troublesome
at 21 cm. There is no clear-cut solution to
this problem and the effects are likely to
appear more troublesome when the existing sen
sitivities are raised still further. The com
plete solution is to 'get into orbit' as soon
as possible ! 1,1
Comparison of the Earth and Moon Features Affecting Radio
Astronomy
This comparison is concerned only with those features
of the two bodies which are directly related to radio astron
omy or to the construction and operation of a radio telescope
system.

The effect of the change in location has been con

sidered first.
discussed.

Then the atmosphere and surface effects are

Finally, the effects on various miscellaneous

items are presented.
_____ The galactic coordinates locating a radio source with
Jelley, J. V., "The Potentialities and Present Status
of Masers and Parametric Amplifiers in Radio Astronomy" i
Proceedings of the IEEE, Vol 51 (Jan. 1963)* p. 32-3^.
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respect to an Earth based system or a lunar based system
would, for all practical purposes, be the same.

The reason

for this is that the distances to all radio sources, exclud
ing those sources within our own solar system, are greater
than 5 light years (l light year = 5.9 x 1012 miles).
Whereas, the distance between the origins of the two co
ordinate systems (Earth and Moon) is only 250,000 miles.
The resulting parallax of a point source could not even
be detected by an optical telescope.

Therefore, the data

already compiled concerning the location of numerous radio
sources could be used directly by a lunar based system.
Fig. 11 plainly illustrates the most important dif
ference between the Earth and the Moon as far as radio
astronomy is concerned.

Fig. 11-a indicates that the Earth's

atmosphere is capable of absorbing, reflecting, and refracting
the electromagnetic radiation from space.

However, Fig. 11-b

shows that the Moon's atmosphere is transparent to radiation
of practically any frequency.

The reasons for these differences

are discussed below.
The Earth has an atmosphere consisting chiefly of nit
rogen, oxygen, water vapor, carbon dioxide, and inert gases.
This atmosphere can be subdivided into three regions: ion
osphere, stratosphere, and troposphere.
The outer region of the atmosphere, the ionosphereJ
consists of atmospheric gases that have been ionized by

Optical Window
Ultra-Violet Region

Infra-Red Region

Practically complete
absorption by atmospheric
gases.

Substantial
absorption by
atmospheric gases.

Radio Window

1----- ---- ,--------- 1----- — i— i----1020

10l8

10l6

iolZ|

1012

1010

108

Practically
total reflection
by the iono
sphere .
----- 1----- ---- 1
4

106

10

frequency (cps)
(a)
No reflection or absorption over the entire spectrum

1----- ---- 1--------- 1--------- 1--------- 1------ ---1------- — i--------- 1---- ----- 1

frequency (cps)
(*)

Pig. 11

(a) Effect of the Earth's atmosphere on the incident electro
magnetic radiation.
(b) Effect of the Moon's atmosphere on the
incident electromagnetic radiation.
I
-pH
I
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solar and cosmic radiation.

The degree of ionization varies

with latitude, season, solar time, and sunspot cycle.

The

principal effects of the ionosphere occur between 80 km and
400 km above the Earth's surface.

The ionosphere can at

tenuate cosmic radio waves by absorption or cut them off
completely by total reflection.

The absorption is caused

by collisions between the electrons, vibrating in the field
of the wave, and the molecules of the air.
creases with air density.

The loss in

Total reflection occurs when the

angle of incidence is such that the wave cannot propagate
into the atmosphere.

Most of these effects are negligible

in the zenith for frequencies exceeding 20 Mc/s.

For low

angles of altitude the frequency must exceed 100 Mc/s before
the attenuation becomes negligible.
The stratosphere consists of an isothermal region b e 
tween 10 km and 25 km above the surface.

This region has

only a minor effect upon radio waves and, therefore, will
not be discussed any further.
The troposphere passes all frequencies less than about
12 Mc/s without significant attenuation, but it absorbs
higher frequency waves due to the interaction of the electro
magnetic field of the wave with the permanent dipole moment
of the atmospheric gases.

Some attenuation of the higher

frequency waves is also caused by rain, fog, and clouds.
The Earth's atmosphere is also a source of radio noise.
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Noise of low frequency is caused by storms in the tropo
sphere.

High frequency noise results from the motion of

electrons in the ionosphere.
Another disadvantage of the atmosphere is the corrosion
and weathering of the antenna structure.

Also, the size of

the structure is limited by wind loading.
The Moon presents none of the above mentioned problems
because it possesses practically no atmosphere.

Its atmo

spheric density is at most 1 0 “^3 times that of the Earth's
at sea level.

However, the absence of an atmosphere allows

any structure placed on the lunar surface to be bombarded by
micrometeorites and high frequency radiation.

A means for

tolerating the effects of micrometeorites is presented in the
next section.
not known.

The complete effects of solar radiation are

However, it has been conjectured that this rad

iation may cause a layer of space charge to form near the
surface of the sunlit side of the Moon.

If such a space

charge does exist, it would seriously hamper lunar radio
observations just as the ionosphere interferes with earthly
radio observations.

More information is needed before the

effects of such a space charge can be accurately evaluated.
The temperature at the Earth's surface varies between
270°K and 330°K as compared with variations at the lunar
surface from 120°K to 380°K.

Structures can be easily built

to withstand the temperature variations found on the Earth.
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However, structures to be used on the Moon must be capable
of withstanding large stresses produced by the extreme tem
perature variations.

A means of reducing the temperature

variation is presented in the next section.
In most places the Earth's surface provides a stable
foundation, capable of supporting a large radio telescope
system.

The Earth's topsoil and rock base can be easily

rearranged in order to satisfy any construction require
ments.

The Moon, however, seems to possess an even better

foundation upon which structures, much larger than those
capable of being supported by the Earth, might be con
structed.

However, the hardness of the lunar rocks will

certainly increase the problem of excavation.
Due to the decreased gravitational force and absence of
wind loading, it should be feasible to construct antenna
structures on the Moon approximately 8 times larger than
those ever constructed on the Earth.
bably an underestimate.

This figure is pro

It certainly allows for a more

accurately steerable structure, plus an antenna aperture
capable of absorbing approximately 64 times as much energy
as an Earth bound structure.
Movement of the Earth's surface caused by tremors or
other means seldom affect the radio telescope structure.
Since the Moon seems to be a cold body, tremors should
be nonexistent except for minor impact waves caused by
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meteor bombardment.
Another very important point in favor of a lunar radio
observatory is the absence of man-made noise.

Such noise

is a continual menace to Earth based systems.

Most radio

telescopes are so sensitive that even weak sources of man
made noise miles away can cause erroneous fluctuations in
the recorded data.

Most other sources of noise, such as

the Sun, are sufficiently directional so that they may be
avoided by both Moon and Earth based systems.
A final point in favor of the Earth based system is
the access to supplementary data and large computer facilities
capable of adequately analyzing the data.

However, if nec

essary, the data received by the lunar system may be trans
mitted back to Earth for final analysis.
Conclusions
Of those features discussed, the lack of an atmosphere
to absorb, reflect, and refract the electromagnetic radiation
is, by itself, sufficient reason to Justify the construction
of a lunar radio observatory.

This one feature would allow

lunar based systems to receive weaker signals over the entire
radio spectrum.

The findings from such data would certainly

be a great stride toward our understanding of the universe.
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VI.

DESIGN OF A LUNAR RADIO OBSERVATORY

Introduction*
1
2
3
The location and design of the radio observatory des
cribed in this section have been based upon the needs of
radio astronomy only.

This radio telescope system is not

meant to be the very first established on the Moon, be
cause the design of the first such system will be largely
dictated by the capabilities of the space craft which are
to transport the men and materials.

Rather, the system

herein described is meant to be part of a more advanced
lunar base.
The design has been approached from a "systems" point
of view.

That is, the purposes and special characteristics

of the overall system have been considered, rather than the
numerous, detailed problems involved with each small component.
The material has been presented in the following order:
1)

The purposes for which the lunar radio observatory
should be used are described.

2)

The location of the observatory on the lunar sur
face and some protective measures are considered.

3)

The particular type of device required in each
of the major components of the radio telescope is
described

-
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Purposes of the Observatory
The discovery of the Hydrogen (H1 ) line emission at
1420 Mc/s has been one of the main reasons for the importance
of radio astronomy.

However, this is not the only emission

line which falls in the radio spectrum.

Table I lists only

ten of approximately forty such emission lines.

As might

be expected, practically all of these emission lines are too
weak to be detected with present equipment.

The deuterium

(H2 ) spectral line (327.4 Mc/s), one of the helium
spectral lines (8665.6 Mc/s), and the hydroxyl radical (OH)
spectral line (1665 Mc/s) prove to be the most promising.
The detection of any of these spectral lines would give
astronomers more information about the emission processes
and the structure and origin of the universe.
For this reason, the main purpose of the lunar radio
observatory would be to study one of these spectral lines.
The hydroxyl radical spectral line (1665 Mc/s) has been
chosen because it is one of the more intense, and because
its frequency lies sufficiently close to the frequency of
the hydrogen line (1420 Mc/s) so that the same equipment
can be used to study both spectral lines.

This equipment

may also be used to measure the intensity of the radiation
coming from all visible portions of the Universe over the
continuous spectrum from about 1400 Mc/s to 1700 Mc/s.
The structure of our own Galaxy, the Milky-Way Galaxy,
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Table I. A List of Some of the More Prominent Spectral Lines

Abundance
relative
to H

Frequency
(Mc/s)

H1

1

1420.4

H2

2 x 10"4

Material

He3
He3
N l4

Type of
structure
transitior

21

Atomic
hyperfine

91.6

Atomic
hyperfine

10-5

8665.6

3.47

Atomic
hyperfine

10-5

6739.7

4.45

Atomic
hyperfine

II
I

V

327.4

Wavelength
(cm)

5 x 10"4

3000

10

Atomic
hyperfine

H

1

1057.8

28.4

Atomic
fine

H

1

9912.6

30.3

Atomic
fine

CH

1000

30

Molecular
fine

OH

1665

18.0

Molecular
fine

Si H

2400

12.5

Molecular
fine
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is also of prime interest.

However, the center of the Galaxy

is continually hidden from the view of optical telescopes by
interstellar dust and gas clouds.

Radio waves are capable

of penetrating these clouds and, therefore, are the only
means available for studying the center of the Galaxy.

For

this reason, the second purpose of the observatory would be
to study our own Galaxy.

Of course, this could only be done

over the frequency range from 1400 Mc/s to 1700 Mc/s.
The third purpose would be to examine the radio fre
quency characteristics of the Earth.

These data may then

be compared with the data received from other planets.

Also,

information concerning the Earth's ionosphere and radiation
belts could be easily obtained.
The final task of the observatory would be to study the
remaining planets and the Sun.
Observatory Location and Protective Measures
In order to be capable of viewing the center of our
Galaxy the radio telescope system must be located in the
Southern Hemisphere of the Moon.
The observatory should also be capable of communicating
with the Earth at any time.

Besides being a safety measure,

this would allow received data to be transmitted back to
Earth for complete analysis.

This limits the location to

that portion of the Southern Hemisphere which continually
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faces the Earth.
The Earth, including the ionosphere and the radiation
belts, should resemble a disc approximately 4° in diameter
when viewed from the Moon.

It is quite possible that the

Earth may be a source of interference to lunar observations.
Yet, at times the Earth will be the object under study.

For

these reasons it would be advantageous to have the Earth
continually low on the horizon.

This may be achieved by

locating at the proper latitude.

Fig. 12 illustrates the

manner in which this latitude was determined.

The figure

is drawn for the case when the Moon's libration in latitude
causes the smallest amount of the southern area of the Moon
to be visible from the Earth.

If the observatory is located

so as to just keep the Earth above the horizon for this
situation, then the Earth will certainly be in view at all
other times throughout the lunar month.

This requires that

the observatory be located at a southerly latitude less than
82°.

The minimum latitude should not be less than about 65°J

if the Earth is to be kept as low as possible on the horizon.
Fig. 13 indicates the area in which the observatory should
be located.
area.

Fig. 14 gives a closeup view of part of that same

There are no maria on this portion of the lunar surface
Numerous hazards will hamper the operation of the obser

vatory.

Some of these are already known to exist, others will

certainly be discovered.

Of those already known, the most ser

ious are bombardment by micrometeorites, solar and cosmic rad-

I
I
I

0 = 6.5° + i(33') + £(4 x 33') & 6.3° + 0.25° +

Pig. 12

1 .0 ° = 7.75°

Determination of the maximum southerly latitude of the
observatory.
i
H
I

ui
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Pig. 13
Approximate area
in which the obser
vatory should be
located.

Pig. 14
A closeup view of
part of the area shown
in Pig. 13.
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iation, and extreme temperature variations.
The best means of avoiding all three of the above mention
ed hazards is to locate as much of the equipment as possible
at least one meter below the surface.

The surface materials

will give excellent protection from micrometeorites and rad
iation.

Also, at a depth of only a few meters the temperature

is slightly less than the freezing point of water and varies
only a few °K.
None of these hazards should have an appreciable affect
upon the choice of the location for the following reasons:
1)

Close examination of lunar photographs indicates
that meteoritic bombardment is a random process.

2)

The radiation over the lunar surface is essentially
the same from one point to another, because the Moon
possesses a very weak magnetic field.

3)

The extreme temperature variations are the same over
all the surface, except possibly near the polar
regions where the angle of incidence of the Sun's
rays is a maximum.

As indicated previously, the choice of location will undoubtly be dictated by the purposes of the observatory.
For equipment placed above the surface, the affect of
radiation and micrometeorites may be minimized by locating
in a depression, such as a crater.

The outer rim of the

crater would shield the equipment from micrometeorites and
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radiation arriving at a small angle with respect to the
horizon.
The temperature fluctuations may be moderated by using
a dome shaped covering over the entire installation.

A

self-sealing type of covering would not be seriously affected
by micrometeorites and, thus would allow the temperature and
pressure within the dome to be controlled automatically.
Naturally, this dome would have to be constructed from a
material which is transparent to radiation at radio fre
quencies.

Bell Telephone Laboratories have successfully

used such a dome as a covering for their large horn antenna
located in Andover, Maine.
Required Components of the Radio Telescope System
This section briefly describes each of the major compo
nents of the radio telescope.

The order in which the compo

nents are discussed follows the block diagram representation
given in Fig. 1.
Because the Moon possesses practically no atmosphere,
electromagnetic radiation of all frequencies can easily
reach the surface without excessive attenuation or reflection.
This means that the desired radiation is present; the only
problem which remains is to detect it.
Detection is accomplished by first receiving the energy
with an antenna.

There are numerous and varied antenna systems
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which may be employed.

The most commonly used antennas are

arrays, Interferometers, and paraboloids.
There are two main disadvantages associated with the use
of an antenna array:
1)

It is extremely difficult to construct large arrays
which are fully steerable;

2)

The proper feeding of each element within the array
would be difficult due to variations in length of
the transmission cable with temperature changes.

An interferometer requires at least two fully-steerable,
movable antennas.

Such a system will undoubtly be used in the

more advanced lunar observatories.

However, the early obser

vatories will certainly not be capable of constructing and
maintaining such a complex system.
A single, paraboloidal antenna seems to be best suited
for use with the earlier observatories.

Some of the advan

tages of such an antenna are listed below:
1)

Ease of construction;

2)

Fully steerable;

3)

Requires only one, small active antenna;

4)

Requires no elaborate feeding system;

5)

Not easily damaged by micrometeorites.

Because the operating wavelength is greater than 10 cm,
either a solid or a mesh type paraboloidal surface may be
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used.

Since the weight limitations will not be as severe

on the Moon and because a solid surface is always a more
efficient reflector, this type of surface is recommended.
Small holes, caused by micrometeorites, less than about

2 cm in diameter will not affect the receiving properties
of the antenna.
This type of antenna normally employs a parabolic
reflecting surface with a small antenna and pre-amplifier
located at the focus.

However, in order to protect the pre

amplifier from meteoritic bombardment a cassegrain type system
should be used (Fig. 15).

Instead of the rays being allowed

to focus in front of the paraboloid, they are reflected
through an opening in the center of the parabolic surface
and brought to focus in the rear.

This will allow heavy

shielding to be used which otherwise could not have been
supported at the prime focus.
A 35 meter diameter paraboloid should provide a sufficient
ly large effective area and yet be easy to construct and steer,
due to the reduced gravitational force.

Such an antenna

would weigh approximately 4 x 10° kgm on the Earth and only

6.6 x 105 kgm on the Moon.

The antenna should be located

directly above the underground equipment for the following
reasons:
1)

The crater floor may not furnish a suitable founda
tion.

The structure housing the underground equip-

Pig. 15

Cassegrain type paraboloidal antenna.
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ment may then be used as a firm support for the
antenna.
2)

The transmission path between the antenna and re
ceiver will be a minimum.

The polarization of this kind of antenna depends upon
the type and orientation of the receiving element at the
focus.

Since the operating frequency exceeds 1000 Mc/s a

small horn antenna would be best suited for this purpose.
This means that the polarization will be linear.

The par

ticular direction of polarization may be varied by rotating
the receiving equipment about the focal axis.
Because the operating frequency is less than 2 KMc/s,
a coaxial line transmission system may be used.

This is an

added advantage because a coaxial line is more flexible and
easier to maintain than a hollow, metal waveguide.
The equipment described so far must be located above the
surface.

For this reason, the choice of components to be used

is affected by the lunar environment.

However, the remainder

of the radio telescope system may be housed underground in an
environmentally controlled compartment.

This will allow the

most modern equipment to be used in essentially the same
manner as it is used on the Earth.
The calibration source should be housed underground, so
that its environmental condition may be controlled, rather
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than at the antenna focus.

A second coaxial line will be

necessary to transmit the output of the source to the pre
amplifier located at the focus.

At the present time, a

long lossy section of coaxial line, held at a constant
temperature, seems to be the best type of calibration source.
Due to the rather high operating frequency, the possible
use of a superheterodyne receiver must be eliminated.

This

means that either a maser or a parametric amplifier must be
employed as the main component of the receiver.

If the

selection had to be based on the equipment existing today,
then a parametric amplifier would have to be used.

This is

primarily because the parametric amplifier does not require
a liquid helium bath as does the maser.

However, the author

feels certain that in the very near future light-weight,
totally enclosed helium-recycling systems will be developed.
This means that the maser will definitely be capable of
outperforming the parametric amplifier at frequencies greater
that 1000 Mc/s.

For this reason, a maser operated receiver

should be used in the radio telescope system.

The receiver

should have a 300 Mc/s bandwidth, so that it will be capable
of amplifying all frequencies between 1400 Mc/s and 1700 Mc/s.
If only a small frequency range is of interest, as in the
search for spectral lines, then the proper narrow band filters
may be included.
The output fluctuations in energy intensity may then be
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re corded as a function of time on a strip chart or fed into
a data sampling system.

A complete analysis of this data

along with the information concerning the polarization and
direction of arrival of the radiation will allow the radio
astronomer to make a great contribution toward our under
standing of the Universe.
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VII. CONCLUSION

Table II contains a brief summary of some of the more
important Earth and Moon features which affect radio astron
omy.
The lunar environment certainly poses a number of ser
ious problems.

However, because the Moon possesses effect

ively no atmosphere, electromagnetic radiation can reach the
lunar surface with practically no absorption or reflection.
From a purely scientific point of view, this one advantage
outweighs all of the disadvantages.

Practically speaking,

the construction of a lunar radio observatory is certainly
not feasible at the present time.
case ten years from now.

But this should not be the

This thesis has described the pur

poses, location, and basic components of a more advanced
lunar radio observatory.

A summary of the results is pre

sented below.
The observatory should be used for the following purposes
1)

To study the hydrogen and hydroxyl spectral lines;

2)

To study our Galaxy, especially the central portion;

3)

To examine the radio frequency characteristics of
the Earth;

4)

To study the remaining planets and the Sun.

In order to achieve these purposes the operating frequency of
the radio telescope must range from 1400 Mc/s to 1700 Mc/s.

Table II. A Summary of the Earth and Moon Features Affecting Radio Astronomy

Various features

Effect upon an Earth based
system

Effect upon a lunar based
system
In comparison with astronomi
cal distances the Earth and
Moon are effectively at the
same point.

Location within the
Universe

Atmosphere

The ionosphere partly re
flects radiation of fre
quencies less than 20 Mc/s.
The troposphere absorbs
radiation of frequencies
greater than 12 Mc/s. The
atmosphere is also a strong
source of noise.

The Moon possesses no appreci
able atmosphere. This allows
the surface to be continually
bombarded by micrometeorites
and high frequency radiation.

Temperature variation

A mild temperature varia
tion between 270°K and
330°K.

Rapid temperature fluctuations
between 120°K and 380°K. This
could cause severe structural
stress.

Gravitational acceleration

9.81 m/sec2 .

1,62 m/sec2 . This will allow
much larger structures to be
erected.

1
ro
1

Surface as a foundation

Easily capable of supporting
any radio telescope which
can be constructed by pre
sent means.

Certain areas, such as por
tions of the maria, will pro
vide poor foundation. How
ever, numerous other areas
should provide better founda
tions than those found on the
Earth.

Tremors

Causes no serious problems
to Earth based telescopes.

Moon tremors are practically
nonexistent and, therefore,
should present no problem.

Sources of noise

Atmosphere and man-made
noise.

No known sources, except pos
sibly the Earth.

Availability of supple
mentary data and comput
ing facilities.

Such facilities are with
in easy access.

Such facilities are not avail
able .
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The observatory should be located on the earthward face
of the Moon at a latitude between 65°S and 82°S.

As much

of the equipment as possible should be housed in an environ
mentally controlled compartment at least one meter below the
surface.

This underground structure should also be used as

part of the support for the surface equipment.

The use of

a large self-sealing dome as an outer covering will minimize
the extreme temperature variations.
A 35 meter diameter, fully steerable, Cassegrain type
paraboloidal antenna should be used as the receiving element.
The first stage of amplification should consist of a liquid
helium cooled maser located at the focus of the antenna.

The

operating frequency will allow a coaxial line to be used as
the transmission system.

A temperature controlled, lossy

transmission line should be used as the calibration source.
Further amplification, filtering and detection, will pre
pare the signal for actuation of the recording device.

If it

is not practical to have sufficient data analyzing equipment
at the lunar base, the received signal may be transmitted
back to the Earth for complete analysis.
Even though the construction of a lunar radio observatory
seems inevitable, the author is well aware of the fact that
the construction of other devices may have a higher priority.
For example, optical telescopes are even more seriously hamper
ed by the Earth's atmosphere than radio telescopes.

Optical
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devices are also easier to construct and maintain.

For these

reasons a lunar optical telescope will undoubtably precede a
lunar radio telescope.

However, both instruments are required

because the purposes and information obtained from one is com
plimentary to that obtained from the other.
The real, basic purpose of radio astronomy is to help
mankind comprehend the Universe: its past, its present, and
its future.

If Dr. Albert Einstein's theories of relativity

are correct, then we as material beings are destined to travel
in only a very limited part of the Universe.

But this does

not mean that we are destined to be ignorant of what remains,
for at this very instant we are surrounded by information
concerning the origin and life history of the Universe.

This

information has been transmitted to us by the electromagnetic
radiation coming from the outer regions of space.

It is up

to us to receive and then properly analyze this information.
Radio astronomy is one important means of accomplishing this
task

-
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APPENDIX

UNIVERSITY OF CALIFORNIA
LICK O B S E R V A T O R Y
MOUNT H A M I L T O N , CALI F ORNI A

March 14, 1963

Mr. Thomas P. Van Doren
225 Nagogami Terrace
Rolla, Missouri
Dear Mr. Van Doren:
In reply to your request of March 10, 1963, we are enclosing our
catalogue of prints and slides that are available for sale. Prices
and sizes are found on page 3, shipping charges are on page 4.
We are glad to grant permission for the use of any of these photo
graphs as part of the text of your thesis. The usual credit line
reads "Lick Observatory Photograph."
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CLP
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